M AT T H E W E . K I R BY
P redicting future climate is one of science's great challenges 1 . Climate models are key to these predictions, but such models must be validated through comparison with, and integration of, measured or proxybased climate data 2 . On page 94 of this issue, Ljungqvist et al. 3 take on this challenge by reconstructing the past 12 centuries of water history in the Northern Hemisphere from proxy records. Their reconstruction for the twentieth century diverges sharply from climate-modelling results, and calls for greater development of water-sensitive proxy data and their integration into modelling efforts.
Estimating future water availability in a warming world is crucial, for various socioeconomic and ecological reasons 4 . To compensate for the absence of measured data for future times, climate models are often assessed using twentiethcentury data and, in many cases, inferred data from periods that pre-date climate measurements. Palaeoclimate data are derived from proxies of measured data, through the analysis of climatesensitive archives such as ice cores, lake sediments and mineral deposits in caves (Fig. 1 ).
Ljungqvist and colleagues undertook a formidable task in this area of research. They compiled various water-and temperature-sensitive proxy data for the past 1,200 years, assessed age controls for the data, compared each data set across regions and continents, and then compared their proxy results with previously reported climate-model results. Their reconstruction of hydroclimate is generally consistent with model results for the period concerned -for example, it indicates a higher percentage of wetter-than-average land (relative to the average before the twentieth century) during the ninth to eleventh and the twentieth centuries, and the opposite during the twelfth to nineteenth centuries. Persistent precipitation dipoles (north-south patterns of precipitation anomalies that have opposing signs), such as that observed now in the western United States 5 , are also evident. However, the data do not capture the climate trends 6 known as the Little Ice Age and the Medieval Climatic Anomaly. Perhaps the most notable finding is that the proxy-based reconstruction diverges from model outputs for the twentieth century. Specifically, the proxy results indicate no difference in twentieth-century water dynamics compared with the pre-industrial era, whereas model results indicate the development of a substantial bimodal distribution in precipitation between extreme wetness and extreme dryness -dry gets drier and wet gets wetter (DDWW).
The DDWW idea is not new 7 . This concept is based largely on the expectation that higher global temperatures will intensify the water cycle, increasing the average rainfall and/or rainfall intensity, as well as amplifying net evaporation. This intensification is related to the Clausius-Clapeyron equation 7 , which states that moisture content in the lowest part of the atmosphere will rise with higher temperatures. Already-wet regions might therefore receive more-frequent and/or moreintense precipitation. Conversely, dry regions will become drier as warmer temperatures expand the subtropical dry zones and intensify areas of high pressure (low precipitation). But this picture is an oversimplification and effects are likely to manifest in unforeseen ways 8 . Whether twentieth-century water-cycle intensification and the associated DDWW response have been detected is still controversial 9 . The divergence of Ljungqvist and colleagues' hydroclimate reconstruction from model results for the twentieth century certainly adds fuel to the fiery debate. Do their results invalidate current predictive models? Certainly not. But they do highlight a big challenge for climate modellers, and present major research opportunities both for modellers and for climate scientists who work with proxy data 10 . For example, the authors highlight the continued importance of combining proxy-based results with climate models. This is more easily said than done. Not every site contains the same types of proxy, and the response of sources of proxy data to climate can change over time. Moreover, the climatic sensitivity of proxy-data sources varies from type to type and site to site.
To address these limitations, palaeoclimate scientists must 
S C O T T B O L K A N & J O S H U A A . G O R D O N
O ur current understanding of neurodevelopmental disorders can be thought of as a tangled mess of threads. The clinical presentations of such disorders are so variable that people can receive the same diagnosis despite not sharing a single symptom. Furthermore, the underlying risk factors -be they genetic or environmental -can be associated with not just one, but several disorders. Untangling these threads to link cause and outcome seems a Sisyphean task, but it is a crucial one if we are to develop treatment approaches that have a solid neurobiological basis. In this issue, Wells et al. 1 (page 58) use a mouse model of a human genetic condition to grasp the loose end of a single thread and carefully extricate it from the tangled mess. In doing so, they map a precise set of genetically linked symptoms onto dysfunction of a neuronal structure that gates the flow of information across multiple brain circuits.
Wells and colleagues' approach is based on clinical observations 2,3 of a link between autism spectrum disorder and mutations in the PTCHD1 gene. Autism spectrum disorder involves a tremendously debilitating disruption of social and cognitive function, and is frequently associated with several neuro developmental diagnoses that have overlapping symptoms, including intellectual disability and attention deficit hyperactivity disorder.
As is typical for genes associated with neurodevelopmental conditions, PTCHD1 mutations are seen in only a small fraction of people with autism spectrum disorder 4 . Not everyone with the risk-associated gene variant develops the disorder, but the mutation does raise disease risk substantially: more than 40% of individuals with the mutation develop autism-like behaviours, compared with about 1% of the general population 5 . Nonetheless, how a single gene can alter brain function to produce particular symptoms remains unclear. Wells et al. began to unravel these issues by generating mice that produce a truncated, non-functional form of the PTCHD1 protein.
The authors report that Ptchd1 mutant mice exhibit behavioural abnormalities that are largely consistent with those seen in people with autism spectrum disorder, including sleep disruption, hyper-aggression and deficits in attention and learning.
In seeking to understand how the Ptchd1 mutation can produce such a broad set of symptoms, the authors were struck by the observation that, during early postnatal development, expression of the gene is highly enriched in a neuronal structure called the thalamic reticular nucleus (TRN) in the thalamus region of the brain. This structure sends inhibitory neuronal projections to all areas of the thalamus, and thus exerts powerful control over the flow of neuronal activity within and across brain circuits that process information standardize best practices for proxy sampling, reconstructions, dating and statistical analyses. One priority should be to select key sites for proxy sampling and analysis. For example, are there crucial geographical gaps that require attention and that strike an urgent socioeconomic or ecological chord 4, 11 ? Fortunately, several initiatives are already focusing on improving efforts to integrate models and proxy results, for example the Paleoclimate Modelling Intercomparison Project and the Past Global Changes project.
Ljungqvist et al. were, of course, constrained by the data available for analysis -indeed, their efforts reveal a shocking lack of data. For example, Figure 1 of their paper 3 highlights the vast geographical gaps between proxy sites. Immense areas of the Northern Hemisphere still require exploration for proxy development, many in highly populated regions. The current analysis should therefore be revisited as proxy records from these regions become available.
Nevertheless, this research is a crucial first step in the use of models and proxy data to reconstruct and explain the history of water -and not just of temperature changethrough time. Future research efforts should improve, test and extend Ljungqvist and colleagues' results. Global warming will undoubtedly change Earth's water cycle, so the more that is known about the cycle's past behaviour through proxy records, and the better those changes can be modelled, the more confidence we will have in predictive models as we forge ahead into the twenty-first century. 
Untangling autism
A clever dissection of the roles of the Ptchd1 gene in the brains of mice demonstrates one way to untangle the complex relationships between the causes and symptoms of neurodevelopmental disorders. See Article p.58 is caused by a range of environmental and genetic factors (symbolized here by numbers), each of which can lead to one or more of many symptoms. Untangling which causes lead to which symptoms is a major challenge. b, Wells et al. 1 have done just that for the PTCHD1 protein, which is mutated in some people with autism spectrum disorder. They find that, in mice, PTCHD1 regulates sleep, attention, aggression and learning. Furthermore, sleep and attention, but not aggression and learning, are mediated by PTCHD1 expression in a neuronal structure called the thalamic reticular nucleus (TRN).
